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SULiMARY 

The objective of the v.ork described in this report 

was to obtain more reliable quantitative information than 

has been previously available on (1) the attenuation coeffi- 

cient of clouds for visible and near-visible radiation, in- 

cluding a determination of the maximum value likely to be 

encountered; (2) the correlation between visual range and the 

attenuation coefficient.  This information Mas desired spe- 

cifically in connection with the NDRC program for developing 

equipments intended to send ana receive such radiation through 

clouds. 

The construction and operation of a Cloud Attenu- 

ation Meter developed, for this purpose are described, and 

data obtained during approximately ninev months of operation 

on the summit of Mount Washington, New Hampshire, are pre- 

sented. These data are restricted to conditions of cloud or 

fog of high optical density, for which the visual ranges 

were between 50 and 300 feet. No observations were made on 

light, fog and haze, with which greater visual ranges would 

be associated, since data already available for such atmos- 

pheric conditions are reasonably satisfactory, and, moreover, 

they were not involved in the particular applications under 

consideration. 

Values found for the attenuation coefficient, k, 

according to the Lambert-Boufeuet law, I Ä I0 e-tac, were 
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between 1.4 and 5.9 per hundred feet. The validity of thia 

law under the conditions prevailing throughout the exper- 

iments was not investigated. A clear-cut, definite correla- 

tion, as suggested by Koschmleder's equation, between k values 

and visual range cannot be formulated from the data. For a 

given visual range, especially at the higher values, there 

is a considerable spread in the measured values of &• In 

general, the results for visual ranges between 100 and 150 

feet inoicate a contrast value intermediate between the 

values previously reported by Hulbert and by Houghton on 

the basis of Koschmleder's law, and for visual ranges be- 

tween 50 and 100 feet a contrast value even smaller than 

that established by Hulbert and others for visual ranges of 

103 to 105 feet, approximately. 

Certain difficulties which are inevitably encoun- 

tered in such measurements, and possible sources of error 

in these results are briefly discussed. 

-.»* ■ 
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IX.  INTRODUCTION 

The studies here reported were Initiated under 

Project Control Number AC-56, "Infrared Device for Determin- 

ing the Position of a Glider ttith Respect to a Towplane", in 

connection with the development of devices intended to send 

and receive a beam of visible or near-visible radiation 

through clouds. Quantitative information concerning the 

attenuation to be expected under a wide variety of conditions 

was required. The condition of a clouc with reference to 

the transmission of radiation is described by the attenuation 

coefficient, fc, in the expression 

I * I« e -kx o ■    » (1) 

where Xo and £ are the intensities of a parallel beam of 

radiation before and after traversing the distance g. The 

value of k is an index of the optical density of a cloud. 

Following Langmulr and westendorp1, we shall also use the 

"mean free light path", 

>«£ 

':,*:■ 

SIR 

Ao a Vk (2) 

the distance in which the intensity falls to the fraction 

1/e of its initial value. It will be convenient to express 

\Q  in feet, but x. in hundreds of feet, and & correspondingly 

1 I. Langmulr and W. F« Westendorp, Physics i, 273-317 
(1931). i 
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per hundred feet. For these units, of course, the factor 

100 must be introduced Into Eq.1 (2). 

The observation vthich is most readily made related 

to optical density is the visual range, or "visibility", 

i.e., the uistance at which a large dark object can be seen 

on the skyline. Of course, the visual range is determined 

by the effects of the scattering medium on visible light, 

but it is well known that for clean clouds and fogs, as 

distinct from fine-particle hazes and smokes, the attenuation 

is substantially non-selective in the neighborhood of the 

visible spectrum. Visual range observations can, therefore, 

be usea to characterize clouds and fogs from the near ultra- 

violet through the near infrared, regardless of the wave- 

length band under consideration it is necessary to have a 

correlation between the visual range and the attenuation 

coefficient, or something equivalent to it. 

Miudleton2 discusses at length the theoretical and 

experimental aspects of the relationship between visual range 

and attenuation coefficient. He gives the equation due to 

Koschmleder, 

*m * I lo«e * a *o l0*« i (3) 

where xm is the visual range, and & the contrast between the 

dark object and its surround when it can just be distinguished 

2 w. E. K. liiddleton, "Visibility in Meteorology," 2d 
Ed., University of Toronto Press (1941). 
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by the eye.  Tha classical value of £ Is 0.02, and experi- 

mental determinations by Hulburt3 have confirmed the appli- 

cability of Eq. (3) with this value at visual ranges between 

approximately 10* and 10$ feet, with one observation at 

about 1200 feet in fair agreement.  However, Houghton^ has 

reported that observations taken in clouds on Mount Washing- 

ton at visual ranges between 90 and 200 feet called for an 

€ of 0.065« with values of >0 ranging down to 35 feet 

(Ji up to 2.9 per 100 feet). 

Since Interest for the NDRC applications centered 

on optical densities equal to, and possibly greater than, 

those measured by Houghton, and since there appeared to be 

no theoretical grounds for expecting a different value of £. 

to be applicable under these conditions, it was considered 

necessary to conduct further investigations. 

In studying the results of correlated observations 

of optical density and visual range, it is more convenient 

to deal with the ratio Xm/\op  rather than with the value of 

£ implied through Eq. (3). It is helpful to fix in mind the 

values of xm/x0 corresponding to the values of C. given above 

which are as follows: 

£ 0.02   0.065 

*v/\. 3.9 2.7 

3 E. 0. Hulburt, Joum. Opt. Soc. Am. 2X» -467-476 (1941). 

4 H. 0. Houghton, J. Aer. Sei. ±, 103-107 (1942). 
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Thus, one object of the work »»a» to study the ratio Xm/fto» 

and to see whether the unexpectedly small value found by 

Houghton would be continueu under conditions comparable to 

his. If a reliable correlation between Xjn and X0 could be 

established, simple observations of visual range could be 

used to predict beam attenuations« 

III.  RFSULTS OBTAINED WITH TEMPORARY SETUP 

In connection with other tests being conducted on 

Mount Washington in July, 1943, a short series of simultan- 

eous observations of visual range and optical density was 

obtained.  The equipment was essentially the cloud attenua- 

tion meter to be described in Part IV of thi3 report, 

but was an earlier model. It was used in the location shown 

on the map, Fig. 1.  The visual range observations «ere se- 

cured by sighting on the southwest roof petk of the Mount 

Washington Club from points along the railroau track extending 

generally southwest from the Mount Washington Club. 

The results obtained are shown in Table I, which 

yields 2.65 for the average value of Xm/A0, in good agree- 

ment with Houghton's determination.  It may also be remarked 

that the spread in values for these observations is comparable 

with that shown by Houghton»s which he kindly allowed the 

writer to see although they have not been published in detail. 

A point of major interest was the maximum optical 

density to be expected in clouds. The highest value occurring 

in Table I is 2.9 per 100 feet for &, or 35 feet for \0,  and 

SESSEL l 
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this is in lino with the results obtained by Houghton. 

Moreover, Langmuir and fcestendorp1 give 30 feet as their 

estimate of the shortest mean free path to be expected, which 

corresponds to 3.3 per 100 feet for £. However, none of 

these results sets a sufficiently conclusive upper limit 

for &• 

In order to obtain much more extensive data on the 

optical densities occurring In clouds, and also to secure 

further information on the relationship between optical 

density and visual range, arrangements were made to Install 

a Cloud Attenuation Meter in the Mount Washington Observatory« 

IV. THE CLOUD ATTENUATION METER AS 
INSTALLED IN MOUNT WASHINGTON OBSERVATORY 

A. Principles of Operation 

As shown in Fig. 2, the Cloud Attenuation Meter 

consists of a Source-Detectcr Unit, a Reflector Unit, and a 

Control-Meter Cabinet. In the Source Detector Unit is a 

sealed beam flashing signal lamp which sends, along the 

external path, an unmodulated beam of radiation to the 

Reflector Unit, located about 60 ft. away. The Reflector 

Unit is a group of three retrodirective reflectors mounted 

at the corners of an equilateral triangle as shown in Fig. 6. 

A motor uriven modulating shutter is mounted on an axis 

passing through the center of this triangle, its three 

blades successively covering and exposing the three reflectors 

simultaneously. A second shutter with three blaues, mounted 

on the same axis, may be thrown into either the "open" or 

SBSBES. i 
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the "closed11 position by means of electrical controls 
i 

operated at the Source. The retrouirectlvc reflectors send 

much of the radiation, now modulated, back to the close 

neighborhood of the source. A parabolic mirror (with auxil- 

iary plane mirror), focuses this radiation on a aiffusing 

glass, behind which is a thalofide photoconductlve cell. 

The output is measured by a meter reading aeclbels below a 

reference level determined by an arbitrary variable sen- 

sitivity setting (not calibrated), when the shutter control 

switch is shifted from "EXT." to "INT.", the external path 

is effectively closed, and the internal path opened. The 

internal path consists of segments of a Lucite rod spaced to 

permit interruption of the path by a shutter and a modulator, 

but which otherwise "conducts" radiation directly from the 

lamp filament to the diffusing glass, providing a reference 

signal to which all readings are referred in terms of decibel 

differences. This feature is considered especially impor- 

tant, for the internal and external readings are affected 

identically by changes in lamp characteristics, lamp voltage, 

photo cell responsivity ("sensitivity"), unmodulated masking 

flux received either from daylight or by back-reflection from 

the beam, and amplifier gain.  The necessity for an absolute 

calibration of the amplifier is thus eliminated,  with a 

thalofide cell as a detector this automatic correction for 

the effect of masking flux on responsivity is essential. 

When masking conditions arc changing very rapidly, there may 

j>E£BEI 
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still be some difficulty in obtaining internal ana external 

readings at nearly enough the same time, and it is advan- 

tageous to use a tbalofide cell which has; been selected for 

minimum dependence of responsivity on masking flux. 

In the "noise" position the shutter control switch 

closes both shutters, and gives a check reading with no signal. 

Another typo of noise reading is cbtainoo with the shutter 

control switch on »■ EXT." and the lamp off; this will rovi.nl 

whether a spurious signal is being registered uue to caj-light 

returned by the reflectors. 

In using the Cloua Attenuation Motor, it is necessary 

to obtain "clear" readings in the absence of an appreciable 

attenuation in order to establish a reference level for the 

apparatus, ireu which th>.- attenuation existing when "fog" 

readings ara obtained may bo ceuputcu.  Sinci- the clear 

reference condition may bo separated by hours from the condi- 

tion of fog or cloud for which the attenuation measurement 

is desired, the necessity for providing the internal refer- 

ence signal is apparent.  For convenience, the apparatus is 

so aujusted that the internal reading lies betwe :n the clear 

reading und the usual fog readings. 

B. Reduction ci* Observations 

The loss of flux causou by the log is given in 

terms of the meter readings by 

dbp = (ub0 - dbi) + (abi° - dbe°),       U) 

SFCRET 
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where ab^ ■ external fog reading,    ab0° = external clear reading 

cibi s Internal fog reacting,    dbj,0 = internal clear reading 

Let 10 ana 1 be  the amounts of flux received 

back at the Source-Detector Unit thrcugh clear air ann  through 

fcg,   respectively.     Then 

I/Io s e^y = e -2/x. * (5) 

where y. is  the distance between the units occupied by fog, 

ana is traverses twice.    Since db/ is the decibel measure cf 

this r&tir   (I. anu I0 being treated as voltages in the 

electrical circuit), 

abp = -40  (lcg10 e)  y/Ao - 17.4 y/*0 (6) 

Thus 

* 17.4 y/dbx, (7) 

For the particular installation on Mount Washing- 

ton, y. = 58.3 feet, anu to goou approximation, 17.4 v. s 1000. 

Finally, then, 

7i~  1000/dbj- (8) 

C. Construction am; Installation 

The three units are pictureu together in Fig« 3, 

ana interior views are shown in Figs. 4,5 :-.nd 6.  Figs. 7 and 

8 shew all the circuits involved« The Source-Detactcr Onit 

was instaileu in the baseme..t of the Mount Kashingtcn Obser- 

vatory, facing the Reflector Unit in the near eno of Yankee 

Bouse«  Each unit was placet; in a specially-constructed 

window box v.hich replaced a window sash and prcjecteu intc 

the building.  Each wlnuow box was provico^ with internal 

SECRET 
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doors, and with external doors which «ere opened during 

operation.  Thus, there «as no glass or other window material 

between the winuows cf the units themselves, unu they 

were shielded from ,»rccipitaticn as well as possible. The 

Control-Meter Cabinet was installed in the Instrument room 

of the Observatory. 

Visual ranges were determined on a number of sky- 

line points at known distances from an observer»s station 

in front of the Observatory. During most cf the investi- 

gation, one operator took readings of the Cloud Attenuation 

Meter ana recoraed also the visual ranges noted by the ether 

observer. Rather late in the investigation, the Observatory 

staff coupleu a General Electric Recording Meter to the deci- 

bel meter, and thus obtained continuous recordings of the 

external reading. This permitted the selection cf periods 

of relatively constant attenuation during the time interval 

required for a complete set of observations. 

V.  RESULTS 

All observations were taken by the staff of the 

Mount Washington Observatory, ana reccrdeu in an tyDRC uat* 

book. Carbon copies of these records were mailed periodically 

to the writer. The results in this report have been obtained 

from the89 carbon copies, and from the General Electric 

Recorder strips transmitted in the same manner.  Because of 

the urgency of other work it was not possible to study the 

data as they were furnished, or to correspond with the 

> 
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Observatory staff regarding the conduct of the werk. 

The general nature of the observations and results 

is represented in Tablj 11, which contains sample cbserva- 

tions chosen to cover substantially the entire reglen cf 

visual ranges represented. The results are expressed in 

terms of both k and Ae> anu it is to be noted that optical 

densities considerably greater than these c nU mplated 

during the preliminary tests described in Section III of 

this report were found, ttith regaru to the values shown for 

the ratio xn/^ , however, no definite conclusions should 

be drawn from Table II, since these sample uata have been 

more or less arbitrarily selected frcm the couplets results 

which will now be uiscussed. 

All the readings of optical density and observed 

visual range are presented In Table III, .-xcept that in the 

later part of the stuuy, readings* at visual ranges greater 

than 125 feet were ignorea.  The spread in observed vaiues 

was so great as to make tho labor cf correlation not worth 

while for such data.  The correlation has been examined by 

obtaining for each observation the inuic-Jteu value of the 

ratio Xgj/^ .  As has alreauy been remarked, this ratio has 

been reported as approximately 3.9 for relatively small optical 

densities and 2.7 for the uensities found in clouds.  It is 

at once apparent from Table III that the value cf this ratio 

varies rather wluely, and an attempt has been made t« study 

this variation by plotting the ratio against visual range 

SECRET 

» 



SFCRET 

-13- 

in Fig. 9. Also shown in Fig. 9 are the earlier data of 

Table 1, the outlying points being connected into an irregu- 

lar polygon to facilitate examination. 

Data taken fron the General Electric Recording 

Meter strips are presented in Table IV, ana are represented 

in Fig. 9 by X's. On account of the large spread which had 

been found in the manually recorded data, and which seems 

to be attributable in a considerable degree to unsteadiness 

in fofc. conditions| attention was restricted to those portions 

of the recora which indicated steauy conditions«  It is 

therefore believed that the X's should be given appreciably 

more weight than the dots. 

The original data include information en meteoro- 

logical ccnuitlcns. Almost invariably, the winu velocity 

was 30-60 miles per hour while observations wore being taken. 

Information on temperature, precipitation, anu particle size 

is enclosed in the original records, but can not here be 

givTi in detail. 

VI.  DISCUSSION 

A. Indications from the Data. 

From the data plot, Fig. 9, it is apparent that 

the values cbtaineu for the ratio, *a/\ , hardly give a 

clear-cut picture« The pattern shows the following char- 

acteristics: 

1. The experimental values of the ratir? for a given 
visual range scatter considerably—seriously 
at the greater visual ranges.  This is generally 

SECRET 
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tc be oxpecteu, since the path of measurement 
extended somewhat less than 60 feet, ana all 
but the shortest visual ranges hau tu bo ob- 
served over a path distinctly different from 
that for which the instrumental uttenuaticn 
measurement was made.  The smaller values 
would, therefore, have the greater reliability.. 

2. The ratio shews an apparent trend toward larger 
values at the greater visual ranges.  This is 
generally in accord with the inaications of 
earlier work, but occurs at smaller visual 
ranges, anu is of much greater degree, than 
expected. 

3. The values of the ratio are, on the whole, con- 
siderably higher than these repcrtod in Section 
II for the temporary setup (which agreed with 
Boughton18 results), although all three sets 
of data seem to have been obtained unuer 
similar conditions. 

4. whereas it had been intended that the results 
should enable a choice to be maae between the 
values 0.02 and 0.065 for (., the indications 
are for an intermediate value for visual ranges 
between 50 and 100 feet, anu for a value less 
than 0.02 for visual ranges between 100 and 
150 feet.  The latter indication, in particular, 
seems hardly plausible. 

B.  Sources of Error. 

The determination of corresponding values of visual 
range anu mean free light path A«, or attenuation coefficient 
k, is unavoidably beset with difficulties which lead to errors, 
We consider the following sources of error: 

1. Differences between path of instrumental 
measurement anu line of visual range observa- 
tion, both with regard to lent th and location, 
when the clouu is non-uniform, and particularly 
when there is considerable wind (as there almost' 
invariably is on Mount Washington), this is a 
possible source of serious error, the more so 
for the greater discrepancies in length.  The 
steadiness or unsteadiness of the reauings gives 
an index of this effect.  Shielding by buildings 
and consistent vertical variation in cloud 
density would introduce systematic errors. 

SECRET 
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2. In the Cloua Attenuation Meter itself, non- 
linearity in response of tho thalofiae photo- 
cell could introuuee a systematic error. 
Actually, thalofide cells are known to give 
ncn-linear response, but this difficulty was 
faced in the selection of the cell and the 
adjustment of the equipment, experimental 
checks being uuuc with satisfactory results. 
However, it is possible that the cell charac- 
teristics changed with time, or with changes 
in ambient conditions. 

3. Condensation on either or both of the windows 
covering the Source-Detector Unit ana the Re- 
flector Unit would load to erroneously lew 
values of 3o» and thus to erroneously high 
values of the ratio plotteu in Fig. 9. 

4. It is perhaps possible that some change occurred 
in the üb. calibration of the output meter 
circuit upon which measurements cf tho db 
aifferences between the internal reference level 
ana the external rcauings, for either clear or 
cloudy conditions, depend. 

VII.  CONCLUSIONS 

In view of the apparent aiscrc^oncics between the 

:.crllar ami the latex data, it uoes net seem possible to draw 

any definite conclusion with regard to either the optics! 

densities of clouds found ut the suaimit of Mount Washington, 

or the correlation between such cloud densities ana the observed 

visual ranges,  however, the data tena to support the existence 

of a trena in this correlation, in the direction to require 

at the greatest densities a higher contrast between test 

object and surrounuings than the classical value- of 0.02. 

In order to secure really satisfactory simultaneous 

data on optical uensity and visual range, the path of measure- 

ment and the line of range observation should be identical. 

SECRET 
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.' 
This requirement is, of course, difficult if not impossible 

to meet exactly, but in future experimental work every effort 

should be maue to approximate it as clcsely as possible. 

TABLE Z 

Results Obtained with Temporary Setup 

Determinations made 4:21 to 6:03 P.M. July 29, 1943, with 
Cloud Attenuation Meter as arranged for other tests. 
Observers were T. w. Hildebranut and G. A. Van Lear, Jr. 
First 15 observations, 4:21-4:42 P.M., visual range observa- 
tions by 0. A. Van Lear, Jr. Last 7 observations, 5:52-6:03 
P.M., visual range observations by T. W. Hilaebrandt. 

Mean Free Observed 

ioo ft. 
Light Path, Visual Range, Ratio 
Feet xa, Feet *a/A0 

1.8 56 180 3.2 
1.6 62 180 2.9 
1.5 67 190 2.8 
1.4 72 160 2.2 
1.8 56 250 4.5 

1.5 67 250 3.8 
1.9 53 140 2.7 
1.8 56 120 2.2 
1.8 56 120 2.2 
1.9 53 340 2.7 

2.0 50 120 2.4 
2.0 50 160 3.2 
1.8 56 2.5 
2.1 
2.0 fo loO 

2.9 
3,2 

2.9 35 120 3.5 
2.5 

% 
100 2.5 

2.4 100 2.4 
2.5 40 100 2.5 
2.1 47 100 2.1 

2.5 40 100 2.5 
2.6 38 90 2.3 

I 
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TABLE III 

Observations and Results, Observatory Installation 
Data from Book 

Roman numerals heauing, cclucns correspond to numbers of crl- 
umns in original aata book.  Clear readings in parentheses 
are those used for reduction of data. 

I 

Clear 
Date äbjO-dbe0 

VII 
' * i   • 

11/8/43 (8.5) 

(8.5) 

11/9 A3 (8.5) 

11/12 A3      9.0 

11/13 A3       (9.0) 

11/14/43       (9.0) 

i 

SEcpi?fr 

■ 

Fog 
ibe-«, 
VIII 

ab0-db^ 

24.0 
27.4 
24*5 

14.0 
12.0 
14.0 

3.0 
10.0 
12.2 
14.0 
11.1 
20.0 

25.0 
33.0 

31.0 
31.5 
33.2 
29.5 
25.5 
24.7 
24.3 
26.0 
24.7 
25.1 
21.0 

20.0 
17.7 
16.0 
18.3 
18.0 
15.9 
18.7 

dbF= 
VII+VIII 

IX 

32.5 
35.9 
33.0 

22.5 
20.5 
22.5 

11.5 
18.5 
20.7 
24.5 
19.6 
28.5 

33.5 
41.5 

40.0 
40.5 
42.2 
38.5 
34.5 
33.7 
33.3 
35.0 
33.7 
34-1 
30.0 

29.0 
26.7 
25.0 
27.3 
27.0 
24.9 
27.7 

Observed 
Visual Rcnge, xm/X xat  Feet ~c 

XI 

130 4.2 
127 4.5 
145 4.8 

270 6.1 
280 5.7 
210 4.8 

320 3.7 
300 5.6 
270 5.6 
250 6.1 
230 4.5 
148 4.2 

140 4.7 
100 4.2 

infinity 

115 4.6 
115 4.7 
85 3.6 
80 3.1 

122 4.2 
122 4.1 
115 3.8 
120 4.2 
135 4.5 
125 4.2 
145 4.4 

140 4.1 
145 3.9 
160 4.0 
140 3.8 
145 3.9 
148 3.7 
148 4.1 
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SFiCRSS 

Date 
Clear 

dbi°-dbe° 
?11 

Fog übp= 
VII+VIII 

IX 

Oboerveu 
Visual Range, 
xa. Feet v*0 

11/15/43 (9.0) 19.5 28.5 135 3.8 

11/16/43 9.0 infinity 

11/17/43 9.0 
9.3 
9.2 

infinity 
infinity 
infinity 

11/17/43 9.5 
9.8 

in nity 
infinity 

11/18/43 (9.5) 35.0 
35.5 
34.5 

127 
127 
125 

4.4 
4.5 
4.3 

11/20/43 9.5 
10.2 
9.7 
9.5 
9.8 
(9.5) 8.5 18.0 

infinity 
infinity 
infinity 
infinity 
infinity 
145 

11/12/43 (9.5) 49.0 
46.5 
47.5 
39.5 

58.5 
56.0 
57.0 
49.0 

65 
70 
70 
77 

3.8 
3.9 
4.0 
3.8 

12/2/43 (9.5) 41.9 
39.5 

51.4 
49.0 

75 
77 

3.3 
3.0 

12/3/43 (9.5) 31.0 
32.8 

40.5 
42.3 

125 
30 

5;1 
3.4 

12/5/43 (9.5) 7.0 16.5 160 2.6 

12/9/43 (9.5) 40.5 
41.0 

50i0 
50.5 

75 
75 

3.7 
3.8 

12/9/43 (9.5) 28.9 38.4 77 3.0 

12/10/43 (9.5) 10.4 19.9 150 3.0 

12/12/43  (9.5) 

ssSBEu 

9.4 
7.0 

16.9 
13.5 
14.6 

31.8 
30.2 

18.9 
16.5 
26.4 
23.0 
24.1 

41.3 
39.7 

150 
200 
135 
145 
145 

77 
79 

2.8 
3.3 
3.6 
3.3 
3.5 

3.2 
3.1 

I- 



I 
; 

*4' Date 
Clear 
dbiO-äbe° 

Vll 

Fog 

12/15/43 9.2 
9.2 

12/17/43 (9.2) 10.5 
no n 

c 

12/18 A3  (9.2) 

12/20/43  (9.2) 

12/28/43 

1/6/44 

1/7/44 

1/8/44 

1/10/44 

1/10/44 

8.4 
8.0 

(8.4) 

(8.4) 

8.7 
10.8 
9.6 
9.9 
10.0 

(10.0) 

(10.0) 

1/12/44 (10.0) 

1/12/44 (10.0) 

1/13/44 (10.0) 

SECRET 

19.0 
24.0 
19.7 

14.3 
14.7 
19.6 
15.0 
20.0 

30.5 
21.8 

15 
12.1 

-0.8 

-1.5 

13.7 
21.5 
15.9 

21.8 
17.2 
9.9- 

12.1 

21.8 
9.1 

1.7 
3.0 

-20- 

dbp - 
V1I+VIII 

IX 

19.7 
28.2 
28.2 
33.2 
28.7 

23.5 
23.9 
28.8 
24.2 
29.2 

39.7 
31.0 

SECRET 

23.4 
20.5 

7.6 

8.5 

23.7 
31.5 
25.9 

31.8 
27.2 
19.9 
22.1 

31.8 
19.1 

11.7 
13.0 

Observed 
Visual Range, 
x».xFeet 

infinity 
infinity 

150 
135 
135 
125 
140 

160 
140 
145 
140 
130 

80 
140 

infinity 
infinity 

145 
165 

310 

infinity 
infinity 
infinity 
infinity 
infinity 

220 

160 
145 
145 

135 
145 
190 
160 

190 
220 

250 
240 

vxt 

3.0 
3.8 
3.8 
4.1 
4.0 

3.8 
3.3 
4.2 
3.4 
3.8 

3.2 
4.3 

3.4 
3.4 

2.4 

1.9 

3.8 
4.6 
3.8 

4.3 
3.9 
3.8 
3.5 

6.0 
4.2 

2.9 
3.1 



• ▼ IN 

Date 

l/U/44  (lo.o) 

o *9* Clear  _ _ „ 
dbi°-dbe° db.-dbi 

m e     vfu a 

l/U/44  (lo.o) 

29.9 
30.1 
30.9 
29.1 
36.0 

35.3 
35.6 
39.0 
32.2 
37.1 
43.4 
44.0 
44.3 

-21- 

dbr« 
VlI+VIII 

IX 

39.9 
40.1 
40.9 
39.1 
46.0 

45.3 
45.6 
49.0 
42.2 
47.1 
53.4 
54.0 
54.3 

Observed 
Visual Range, 
Xm, Feet 

XI 

110 
100 
105 
110 
75 

90 
100 
75 
90 
75 
60 
50 
55 

1/15/44  (10.0) 4.5 14.5 230 
10.7 20.7 170 
11.0 21.0 150 

1/16/44 

I]   1/20/44  (10.0) 

10.5 
10.4 

30.3 
29.9 
31.8 

40.3 
39.9 
41.8 

infinity 
Infinity 

120 
125 
110 

SECREI 

vxt 

4.4 
4.0 
4.3 
4.3 
3.4 

4.1 
4.6 
3.7 
3.3 
3.5 
3.2 
2.7 
3.0 

3.3 
3.5 
3.1 

4.8 
5.0 
4.6 

Observations at xm > 125 feet are omitted from the 
rest of this Table 

1/26/44  (10) 

1/27/44 

1/29/44 

(10) 

(10) 

( 

26 
25 
25 
37 
29.4 

31 
37 
30 

28 
25 
22 
26 
25 
25 
24 

36 
35 

1? 
39 

125 
125 
110 
100 
125 

85 
75 
75 

100 
125 
120 
95 
95 

125 
95 

4.5 
4.4 
3.8 
4.7 
4.9 

3.5 
3.5 
3.0 

3.8 
4.4 
3.8 
3.4 
3.3 
4.4 
3.2 

SESWL 

W 



r 
Date 

Clear    Fog 
dbjiO-dbe0 dbe-db* 

VII e   VIII1 

2/24/44  (10) 

3/15/44 9.9 
9.9 
9.9 

3/16/44  (10) 

3/16/44  (10) 

3/16/44  (10) 

3/17/44  (10) 

(10) 

3/19/44 9.7 
9.6 
9.9 

10.0 

31 
31 

27 
23 
27 
2 

24 

23 
24 
28 
27 
25 
26 
26 
26 
23 

27 
27 
28 
25 
26 
24 

38 
41 

8 
IS 
40 
39 
30 
36 
33 
29 
31 

-22- 

dbj « 
VIl+VIII 

IX 

41 
41 

37 
33 
37 
3 

34 

33 
3 
3 
37 
35 
36 
36 
36 
33 

37 
37 
38 
35 
36 
34 

8 
50 
49 

a 

Observed 
Visual Range, 
Xn, Feet 

Xi 

SECRET 

V*. 
77 3.2 
75 3.1 

Infinity 
infinity 
infinity 

125 4.6 
110 3.6 
125 4.6 
125 4.3 
95 3.4 
75 2.6 

105 3.5 
85 2.9 

100 3.8 
95 3.5 
95 3.3 
90 3.2 

110 4.0 
85 3.1 
95 3.1 

80 3.0 
95 3.5 
80 3.0 
80 2.8 
100 3.6 
80 2.7 

78 3.7 
75 3.8 
75 3.7 
73 3.6 
70 3.1 
88 3.5 

75 3.7 
73 3.6 
90 3.6 
77 3.5 
80 3.4 
85 3.3 
84 3.4 

infinity 
infinity 
infinity 
infinity 

SECRET 
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Observed 
^^CiV**^^^, 

Clear Fog db» ■ 
VI1+VII1 

IX 

Visual Range, *m/ X0 
m       Date    dbi°-dbe° m                               XV11 

dba-dbi 
VIII 

xm, Feet 
XI 

*     3/24/44    (10) 33 
36 

♦3 46 
78 
72 

3.4 
3.3 

33 43 70 3.0 
36 46 72 3.3 
34 44 72 3.2 
31 41 80 3.3 1 36 46 70 3.2 

(10) 31 
31 

41 
41 

85 
100 

3.5 
4.1 

31 41 80 3.3 
38 
39 

48 
49 ?t 3.5 

3.5 
37 47 71 3.4 
33 43 77 3.3 
38 . 48 71 3.4 
33 43 82 3.5 

4/8/44   (10) 21 
24 

31 
34 

125 
120 

3.9 

23 03 120 3.9 
23 33 120 4-2 , 
21 31 122 3.8 

M 25 35 100 3.5 

0 
(10) 

20 30 125 3.7 

42 52 
52 
52 

70 
70 
73 

3.6 
3.6 
3.8 

42 52 70 3.6 
43 53 67 3.5 

5/8/44   (10) 25 
22 

35 
32 

80 
100 

2.8 

H 
18 28 100 2.8 
21 31 115 3.6 

6/14/44  3.9 
io.Ä 
10.8 

infinity 
infinity 
infinity 

10.0 infinity 

6/17/44 24-2 
22.1 

125 
130 

3.0 
2.9 

6/18/44  9.2 
9.6 

infinity 
infinity 

6/20/44  (10) 23.1 
26.1 

120 
100 

2.8 
2.6 

c 
SECRET 
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Dute 
Clear 
dbi0-dbe° 

VII 

6/22/44   10 

7/22/44   10 

7/25/44   10 

Fog 
dbe-dbi 

VIII 

37 
33.6 
33.5 
30 

34.4 
34.2 

49 
49 

-24- 
dbw * 
V1I+VIXX 

IX 

47 
44 
43 
40 

44 
44 

59 
59 

SECRF.T 
Observed 
Visual Range, Xj/ X 
»■in» 

Feet 
XI 

85 
105 
95 
95 

78 
90 

50 
50 

4.0 
4.6 
4.1 
3.8 

3.4 
4.0 

3.0 
3.0 

t 

SECRET 
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TABLE IV 

S£CRFT 

Observations and Results, Observatory Installation, 
Data from Recorder Strips 

Date 

Only such records as indicate stable conditions are used. 
Decibel calibration recorded Just preceding run of 6/15/44» 
attached to letter of transmittal uatea July 3, 1944» 

Observed 
Clear     Fog    dbF ■    Visual Range Xm/X 

Time     dbiO-dbe° dbe-dbi VII+VIII  x^, Feet        • 
Vll      VIII    IX        XI 

5/15/44  9:55A     (10) 

10:32A 

t: 
(1:30P) 

5/16/44 1:18P 

6/15/44 10:25A+ 

7/15/44 12:36P 

(10) 25.5 
23.5 
27.5 
31.5 

35.5 
33.5 
37.5 
41.5 

120 
130 
115 
95 

4.3 

t: 
3.9 

30 
31 
32 

40 
41 
42 

90 
85 
30 

3.6 
3.5 
3.4 

44 
45 

54 
55 

68 
75 

3.7 
4.1 

10.0 
10.0 

infinity 
infinity 

(10) 31.5 
32.5 
29.5 

41.5 
42.5 
39.5 

80 
78 

100 

3.3 
3.3 
4.0 

9.9 
9.5 
9.4 
9.3 

inf ini ty 
infinity 
infinity 
infinity 

o 
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SECRET  FIGURE 4.    CONTROL-METER CABINET, INTERIOR 
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SECRET       FIGURE 6.    REFLECTOR UNIT, INTERIOR 
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